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MULTIFOCAL OPHTHALMC LENS 

This is a division of application Ser. No. 09/221,558, 
filed Dec. 28, 1998, now U.S. Pat. No. 6,221,105, which is 
a division of application Ser. No. 08/885,987 filed Jun. 30, 
1997, now U.S. Pat. No. 5,919,229, which is a division of 
application Ser. No. 08/592,752 filed Jan. 26, 1996, now 
U.S. Pat. No. 5,702,440. 

FIELD OF THE INVENTION 

The present invention relates generally to ophthalmic 
lenses and, more particularly, to a multifocal ophthalmic 
lens adapted for implantation in an eye, Such as an intraocu 
lar lens, or to be disposed in a cornea, Such as a corneal inlay. 

BACKGROUND OF THE INVENTION 

The general construction of a multifocal ophthalmic lens 
is known in the art. U.S. Pat. No. 5,225,858, which is 
incorporated herein by reference, discloses a multifocal 
ophthalmic lens including a central Zone circumscribed by 
multiple concentric, annular Zones. This patent discloses a 
means of providing improved image quality and light inten 
sity for near images. The improved image quality is accom 
plished by maintaining the near vision correction power of 
appropriate Zones of the lens Substantially constant for a 
major Segment of the near vision correction power region of 
each Zone, and by providing a central Zone having an 
increased depth of focus. 

The major Segment of each near vision correction power 
region, which has a Substantially constant near vision cor 
rection power, inherently reduces the depth of focus asso 
ciated with far vision. The location of near focus is typically 
immaterial for near Vision, because of the ability of the user 
to easily adjust the working distance of the target object. The 
patent discloses progressive vision correction powers in the 
central Zone for extending the depth of focus. The increased 
depth of focus provided by the central Zone helps to com 
pensate for the reduction in depth of focus associated with 
the near vision correction power regions. This feature is 
particularly applicable to an intraocular lens, Since the 
patient has minimal residual accommodation, i.e., the ability 
of a normal eye to see objects at different distances. 

FIG. 1 shows how the multifocal ophthalmic lens 6 of the 
prior art focuses parallel incoming light onto the retina 10 of 
the eye. For the normal lighting condition with a 3 mm pupil 
diameter, the rays 7 pass through a far focus region of the 
multifocal ophthalmic lens 6, and are focused onto the retina 
10. The rays 8 pass through a near region of the multifocal 
ophthalmic lens 6, and are focused into a region between the 
retina 10 and the multifocal ophthalmic lens 6. 

The multifocal ophthalmic lens 6 shown in FIG. 1 shows 
the passage of parallel rays through the multifocal oph 
thalmic lens 6 in a well-lit environment. In low lighting 
conditions, the pupil enlarges, and additional annular Zones 
of the multifocal ophthalmic lens 6 become operative to pass 
light therethrough. These additional annular regions operate 
to provide additional far (rays 10 in FIG. 1) and near-focus 
corrective powers to the multifocal ophthalmic lens 6. 
Presence of the additional intermediate and near rays shift 
the best image quality for far vision to the location in front 
of the retina. As a result, in low lighting conditions the best 
quality image of the multifocal ophthalmic lens 6 appears in 
a region slightly in front of the retina 7. A user looking 
through the multifocal ophthalmic lens 6 while driving at 
night, for example, may notice an undesirable halo affect 
around a bright source of light. The shift in the best quality 
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image just in front of the retina 7 instead of on the retina 7 
increases the halo effect making driving for Some people 
difficult. 
A problem has thus existed in the prior art of providing a 

multifocal ophthalmic lens, which can provide a desirable 
far vision correction in low lighting conditions, but which 
does not unnecessarily elevate halos and contrast reductions 
under increased pupil size which usually occurs in low 
lighting conditions. Thus, the prior art has been unable to 
produce a multifocal ophthalmic lens, which achieves a best 
quality image on the retina (instead of slightly in front of the 
retina) in low lighting conditions. 

Under low lighting conditions, the best quality image of 
prior art multifocal ophthalmic lenses is not focused on the 
retina of the eye. Instead, these prior art multifocal oph 
thalmic lenses have a best quality image in front of the retina 
in low lighting conditions, which corresponds to a mean 
power of the multifocal ophthalmic lens being slightly 
higher than the far vision correction power required for the 
patient. 

SUMMARY OF THE INVENTION 

AS light diminishes and pupil Size correspondingly 
increases, the Outer annular Zones of a multifocal ophthalmic 
lens begin to pass light therethrough. These Outer annular 
Zones traditionally introduce additional near vision correc 
tion power, which effectively shifts the best quality image 
from on the retina to an area Slightly in front of the retina. 
The outer annular Zones of the present invention have 

Vision correction powers, which are less than the far vision 
correction power of the patient, to compensate for the 
increase in the mean power of the multifocal ophthalmic 
lens. A multifocal ophthalmic lens, having outer annular 
Zones with Vision correction powers less than a far vision 
power of the patient, is disclosed. The additional annular 
Zone or Zones come into play when the pupil Size increases 
under dim lighting conditions, to thereby compensate for the 
additional near vision annular Zones introduced by the 
enlarged pupil size. The net effect of the additional near 
Vision annular Zones and the additional annular Zones having 
power less than the far vision correction power is to focus 
the best quality image onto the retina of the eye, to thereby 
reduce halo effects and improve contrast. 
The multifocal ophthalmic lens of the present invention is 

adapted to be implanted into an eye or to be disposed in a 
cornea, and has a baseline diopter power for far vision 
correction of the patient. The multifocal ophthalmic lens 
includes a central Zone having a mean vision correction 
power equivalent to or slightly greater than the baseline 
diopter power depending upon pupil Size, and includes a first 
outer Zone located radially outwardly of the central Zone. 
A Second outer Zone located radially outwardly of the first 

outer Zone provides vision correction power, that is less than 
the baseline diopter power. The vision correction power of 
the Second outer Zone can be Substantially constant. Light 
generally does not pass through the Second Outer Zone under 
bright lighting conditions. 
A third outer Zone of the multifocal ophthalmic lens 

comes into play in lower lighting conditions, and includes a 
Vision correction power greater than the baseline diopter 
power. A fourth Outer Zone circumscribes the third outer 
Zone, and includes a vision correction power, that is less than 
the baseline diopter power. This fourth outer Zone passes 
light in very low lighting conditions, when the pupil is 
Significantly dilated. The Second and fourth outer Zones 
Serve to focus light Slightly behind the retina of the eye, to 
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thereby compensate for light focused in front of the retina of 
the eye by the first and third outer Zones, under dim lighting 
conditions. 

BRIEF DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a Schematic view illustrating the focusing of 
light of a prior art multifocal ophthalmic lens onto a retina; 

FIG. 2 is a plan view of an intraocular multifocal oph 
thalmic lens of the presently preferred embodiment; 

FIG. 3 is a side elevational view of the intraocular 
multifocal ophthalmic lens of the presently preferred 
embodiment; 

FIG. 4 is a plot of the power of the optic versus distance 
from the optic axis for the intraocular multifocal ophthalmic 
lens of the presently preferred embodiment; 

FIG. 5 is a schematic view illustrating the focusing of 
light of the intraocular multifocal ophthalmic lens of the 
presently preferred embodiment onto a retina. 

These and other aspects of the present invention are 
apparent in the following detailed description and claims, 
particularly when considered in conjunction with the accom 
panying drawings in which like parts bear like reference 
numerals. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIGS. 2 and 3 show an intraocular lens 11, which com 
prises a circular optic 13 and two fixation members 15 and 
17. The optic 13 may be constructed of rigid biocompatible 
materials, such as polymethylmethacrylate (PMMA), or 
flexible, deformable materials, such as Silicone, hydrogel 
and the like which enable the optic to be rolled or folded for 
insertion through a Small incision into the eye. 

In the presently preferred embodiment, the fixation mem 
bers 15 and 17 are fine hair-like strands or filaments which 
are attached to the optic 13 using conventional techniques. 
The fixation members 15 and 17 may be constructed of a 
suitable polymeric material, such as PMMA or polypropy 
lene. Alternatively, the fixation members 15 and 17 may be 
integral with the optic 13. The optic 13 and the fixation 
members 15 and 17 may be of any desired number and 
configuration, and the configurations illustrated are purely 
illustrative. 

The optic 13 has a central Zone 18, inner and outer annular 
near Zones 19 and 20, and an annular far Zones 21 and 22. 
In the presently preferred embodiment, the central Zone 18 
is circular, and the peripheries of the annular Zones 19–22 
are circular. The annular Zones 19-22 circumscribe the 
central Zone 18, and the Zones are contiguous. The Zones 
19-22 are concentric and coaxial with the optic 13. 
The Zones 18-22 are used in describing the vision cor 

rection power of the optic 13, and they are arbitrarily 
defined. Thus, the peripheries of the Zones 18-22 and the 
number of Zones may be selected as desired. However to 
facilitate describing the optic 13, the peripheries of the 
annular Zones 19–22 are considered to be the Zero crossings 
in FIG. 4. Although the boundaries of the Zones 18-22 are 
indicated by phantom lines in FIG. 2, it should be under 
stood that the optic 13 has no Such lines in any of its Surfaces 
and that these lines constitute reference lines which define 
the Zones. 

As shown in FIG. 3, the optic 13 has a convex anterior 
Surface 25 and a planar posterior Surface 27; however, these 
configurations are merely illustrative. Although the vision 
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4 
correction power may be placed on either of the Surfaces 25 
and 27, in the presently preferred embodiment, the anterior 
Surface 25 is appropriately shaped to provide the desired 
Vision correction powers. 

FIG. 4 shows the preferred manner in which the vision 
correction power of the optic 13 varies from the center or 
optical axis 29 of the optic 13 to the circular outer periphery 
31 of the optic. A preferred power distribution curve for a 
corneal inlay may be similar, or identical, to the curve of 
FIG. 4. 

In FIG. 4, the vertical or “Y” axis represents the variation 
in diopter power of the optic 13 from the baseline or far 
vision correction power, and the “X” or horizontal axis 
shows the distance outwardly from the optical axis 29 in 
millimeters. Thus, the Zero-diopter or baseline power of 
FIG. 4 is the power required for far vision for a conventional 
mono-focal intraocular lens. The power variation shown in 
FIG. 4 is applicable to any radial plane passing through the 
optical axis 29. In other words, the power at any given radial 
distance from the optical axis 29 is the Same. 
The central Zone 18 extends from the optical axis 29 to a 

circular periphery 33, the first annular near Zone 19 is 
considered as extending from the periphery 33 to a circular 
periphery 34, and the outer annular near Zone 20 is consid 
ered as extending from a periphery 35 to a periphery 36. The 
negative diopter power of the two Zones 21, 22 are of leSS 
power than required for far vision and may be considered as 
far, far vision correction powers. The annular far, far Zone 21 
extends between the peripheries 34 and 35, and the annular 
far, far Zone 22 extends from the periphery 36 radially 
outwardly to the outer periphery 31 of the optic 13. As 
shown in FIG. 4, the vision correction power crosses the “X” 
axis or baseline at the peripheries 33, 34, 35 and 36. 
As shown in FIG. 4, the vision correction power varies 

progressively and continuously from a baseline diopter 
power at the optical axis 29 to an apex 38 and then decreases 
continuously and progressively from the apex 38 back 
through the baseline diopter power to a negative diopter 
power at a point 39. From the point 39, the vision correction 
power increases continuously and progressively through the 
periphery 33 into the inner annular near Zone 19. Of course, 
the diopters shown on the ordinate in FIG. 4 are merely 
exemplary, and the actual correction provided will vary with 
the prescription needs of the patient. 
The apex 38 has a vision correction power for interme 

diate vision. The intermediate vision correction powerS may 
be considered as being in a Zone 40 which may be between 
0.5 and 0.75 diopters from the baseline diopter power, as 
presently embodied. The far vision correction powerS may 
be considered as lying between the Zone 40 and the baseline 
diopter correction, and the far, far vision correction powers 
are negative. The intermediate, far, and far, far powers 
combine to provide a mean power in the central Zone 18. 

Within the inner annular near Zone 19, the vision correc 
tion power varies continuously and progressively from the 
periphery 33 to a plateau 41; and from the plateau 41, the 
Vision correction power varies continuously and progres 
sively back to the periphery 34 at the baseline. 

In the far, far Zone 21 the vision correction power is below 
the far Zone correction power, and is Substantially constant. 
This vision correction power returns to the baseline at the 
periphery 35. 

In the outer annular near Zone 20, the power varies 
continuously and progressively from the periphery 35 to a 
plateau 45, and returns continuously and progressively from 
the plateau 45 to the baseline at the periphery 36. 
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In the far, far Zone 22, the Vision correction power is 
Substantial constant, below the baseline Vision correction 
power. The Substantially constant vision correction power of 
the far, far Zone 22 is slightly lower than the substantially 
constant vision correction power of the far, far Zone 21, as 
presently embodied. The vision correction power of the far, 
far Zone 22 remains negative from the periphery 36 to the 
baseline correction power at the outer periphery 31. 

The inner near Zone 19 has regions adjacent the periph 
eries 33 and 34 with far vision correction powers and a 
Second region, which includes the plateau 41, with near 
Vision correction powers. Similarly, the outer near Zone 20 
has regions adjacent the peripheries 35 and 36 with far 
Vision correction powers and a Second region, which 
includes the plateau 45, with near vision correction powers. 
For example, the near vision powers may be those which are 
above 2 or 2.5 diopters. The 2 to 2.5 diopters correspond to 
about 20 to 15 inches, respectively, of working distance, and 
this distance corresponds to the beginning of near activities. 
The two far, far vision correction plateaus 42, 43 of the two 
far, far annular Zones 21, 22, respectively, preferably com 
prise diopter powerS approximately one fifth of the distance 
between the baseline and the plateaus 41, 45, but located 
below the baseline. 

As shown in FIG. 4, each of these “near” regions has a 
major Segment, i.e., the plateauS 41 and 45 in which the near 
Vision correction power is Substantially constant. The pla 
teau 41, which lies radially inwardly of the plateau 45, has 
a greater radial dimension than the plateau 45. The differ 
ence in radial dimension of the plateaus 41 and 45 allows 
these two plateaus to have approximately the same area. 

Only a relatively small portion of the anterior surface 25 
(FIG.3) is dedicated to intermediate vision powers. This can 
be seen by the relatively Small radial region which corre 
sponds to the intermediate Zone 40 (FIG. 4) and by the rapid 
change in diopter power between the plateauS 41 and 45 and 
the baseline diopter axis. 

The diagrammatic view of FIG. 5 shows how the multi 
focal ophthalmic lens 13 of the present invention focuses 
parallel light onto a retina 10 of the eye, in dim lighting 
conditions. The parallel rays 50 pass through the central 
portion 18 of the multifocal ophthalmic lens 13, and are 
focused onto the retina 10. The rays 51 pass through the 
intermediate focus region 40 of the central Zone 18, and are 
focused in an area between the retina 10 and the multifocal 
ophthalmic lens 13. The rays 52 pass through the plateau 41 
of the near Zone 19 and, depending upon the lighting 
conditions, pass through the plateauS 42, 43 of the two far, 
far Zones 21, 22, and the plateau 45 of the near Zone 20. 
These rays 52 are focused slightly behind the retina 10. In 
the presently preferred embodiment, the distance at which 
the rays 52 are focused behind the retina 10, is approxi 
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6 
mately one-fifth of the distance at which the rays 51 are 
focused in front of the retina 10. The combination of the rays 
50, 51, and 52 combine to form a best quality image on the 
retina 10 in dim lighting conditions. 
While this invention has been described with respect to 

various Specific examples and embodiments, it is to be 
understood that the invention is not limited thereto and that 
it can be variously practiced within the scope of the follow 
ing claims. 
What is claimed is: 
1. A multifocal intraocular lens for providing vision 

correction power, the multifocal intraocular lens having a 
central optical axis, an Outer periphery and a baseline diopter 
power for far vision correction, the multifocal intraocular 
lens being sized and Structured to be implanted in an eye, 
and comprising: 

a central Zone having a vision correction power at the 
central optical axis no less than the baseline diopter 
power and a vision correction power approximately 
equal to or greater than the baseline diopter power, the 
central Zone having a progressive power region in 
which the vision correction power varies progressively; 

a first Zone having a near vision correction power, the first 
Zone being located radially outwardly of the central 
Zone; and 

a Second Zone located radially outwardly of the first Zone 
and extending to the outer periphery of the multifocal 
intraocular lens and having a vision correction power 
less than the baseline diopter power Substantially 
throughout the Second Zone. 

2. The multifocal intraocular lens according to claim 1, 
wherein the first Zone is annular and circumscribes the 
central Zone, and the Second Zone is annular and circum 
scribes the first Zone. 

3. The multifocal intraocular lens according to claim 1, 
wherein the vision correction power of the Second Zone is 
Substantially constant throughout. 

4. The multifocal intraocular lens according to claim 2, 
wherein the vision correction power of the Second Zone is 
Substantially constant throughout. 

5. The multifocal intraocular lens according to claim 1, 
wherein the vision correction power at the central optical 
axis is approximately the baseline diopter power. 

6. The above-identified application has been carefully 
reviewed claim 5, wherein the first Zone is annular and 
circumscribes the central Zone, and the Second Zone is 
annular and circumscribes the first Zone. 

7. The multifocal intraocular lens according to claim 5, 
wherein the vision correction power of the Second Zone is 
Substantially constant throughout. 
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